The inclusive pion double charge exchange (DCX) process on nuclei is considered in the framework of the Gribov-Glauber approach. It is shown that inelastic rescatterings related to production of two (and more) pions in the intermediate state give an important contribution to the process of DCX at kinetic energies above ∼ 0.5 GeV . This mechanism dominates at energies > ∼ 1 GeV and allows to explain the weak energy dependence of the DCX cross section observed experimentally [1].
The pion double charge exchange process is an interesting probe [2] of nuclear structure and of a hadron dynamics as it involves interaction with at least two nucleons of a nucleus. The standard DCX mechanism corresponds to two sequental single charge exchanges of pion on nucleons of a nucleus ( fig. 1(a) ). This model gives a reasonable description of experimental data on DCX at kinetic energies of incident pions T 0 < ∼ 0.5 GeV and predicts [3] a strong decrease of a small angle DCX at higher energies. However recent measurements of DCX at energies up to 1.1 GeV performed at ITEP showed [1] that the differential cross section of this process decreases with energy rather weakly and exceeds the theoretical prediction [4] at the highest energy by an order of magnitude. Thus other mechanisms of DCX are needed to explain the observed energy dependence.
In this note we will show that inelastic rescatterings of the type shown in fig. 1 (b) , (c) give an important contribution to the cross section of DCX at energies T 0 > 0.5 GeV and allow to understand the experimentally observed pattern of the energy dependence for this reaction. In the following we shall use the Gribov formalism for a description of rescatterings on nuclei [5] . We will also compare our results with the predictions of a model based on meson exchange currents.
The inclusive cross section of DCX has been measured in the reaction A(π − , π + )X for 6 Li and 16 O nuclei and at energies T 0 = 0.6, 0.75 and 1.1 GeV
. The kinematics of the process was chosen in such a way as to forbid production of an extra pion, ∆T = T 0 − T ≤ m π , where T is the kinetic energy of the produced pion. In this respect it differs strongly from the kinematics studied in Ref. [6] . The energy of recoil nucleons has not been measured and it is necessary to integrate over an energy of the produced neutrons in the kinematical region indicated above and to average over Fermi motion of the protons participating in the reaction (Fig.1) . Note that the masses of the intermediate hadronic states, H, which can be produced in the reaction π − p → Hn, increase with incident energy as M 2 H ∼ 2m N E 0 (even in the kinematical region of the experiment).
The most general diagram for pion DCX on nuclei is shown in fig. 2 . In the Gribov approach [5] an integration over the longitudinal momenta of nucleons p i , p fig. 2 can be rewritten as an integral over
, square of invariant mass of the intermediate hadronic system, which is taken along the contour C in the complex M H is determined by the corresponding jplane singularity in the t channel. In our case it corresponds to an exchange of a state with the charge Q = 2 (isospin I ≥ 2). There are no known Regge poles with such "exotic" quantum numbers and it is reasonable to assume that the amplitude decreases fast enough at large M 2 H . In this case the integration over C ′ corresponds to taking a discontinuity over the physical cut on a real axis. In this way we get the diagrams of fig. 1(a) , (b) as the pole contributions and the diagram of fig. 1 Experimental data [7] on cross sections of different pion charge-exchange processes on the proton in the energy region 0.3 GeV < T 0 < 1.3 GeV are compiled in fig. 4 . It follows from this figure that η 0 production gives a relatively small correction to the diagram of fig. 1 (a), while production of two pions is a very important competing mechanism (especially for T 0 > 0.5 GeV ).
Note that for forward scattering on nuclei the inelastic corrections to Glauber model are important only at high energies E 0 > ∼ 5 GeV . They are not very large and are approximately equal ∼ 20 ÷ 30% of elastic correction [8] (but important for agreement with experiment). It is interesting that in the DCX case inelastic rescatterings can be dominant already at much smaller energies T 0 > ∼ 1 GeV . Now we shall estimate the contributions of inelastic rescatterings (see Tables 1,2 below) using experimental data on particle production in π 
This is also true for s-wave ππ-nonresonance intermediate states, which dominates ππ production at low energies. So we can write
where
For production of two (or more) pions the quantity, which enters into (4), in general does not coincide with the cross section of the corresponding reaction integrated over the kinematical variables of pions because we consider nondiagonal transition π Table 2 and abbreviation SSCX model in fig. 7 ), using a Monte Carlo cascade model [4] , developed to study pion induced multichannel reactions at pion energies above 0.4 GeV.
Corrections ∆ H due to different intermediate states calculated using experimental data [7] on corresponding processes are given in Table 1 and their total contribution is shown in fig. 7 . It follows from Table 1 that the main contribution into DCX is given by the process π fig. 7 ) leads to a reasonable agreement with the experiment (except values at T 0 = 0.6 GeV where these corrections are less reliable). (3), (4)) of the inelastic rescat-
In this simple estimate we have not yet taken into account experimental limitations on energy transferred to produced neutrons and to spectator nucleons, ∆T c) The quantities ∆ π + π − and ∆ π 0 π 0 in Eqs. (3), (4) were replaced by
The quantity ∆ ′ π + π − has been calculated using experimental data on distributions on cos θ(n, p) and M Table 2 and in fig. 7 (dσ DCX /dΩ and dσ ′ CDE /dΩ in Table 2 and SSCX + GR2 in fig. 7 ). We see that taking into consideration the experimental limitations on ∆T leads to substantial decrease of rescattering correctons at T 0 = 0.6 GeV and their increase at 1.12 GeV . An overall agreement between experimental data and predictions of the model with inelastic rescatterings is quite satisfactory taking into account that we have made several simplifying assumptions discussed above. In particular in the region of energies T 0 < ∼ 1 GeV there can be a substantial contribution from the production of baryon resonances in the direct channel of the process π − p → π + π − n and an interference between contributions of different diagrams of fig. 1 is possible.
Let us discuss a relation between inelastic rescatterings considered in our paper and other mechanisms which have been proposed for the DCX process. One of the most popular mechanisms is a model of meson exchange currents [10] , which corresponds to the diagrams of fig. 8 fig. 8 takes into account a real part of this amplitude, which is small for soft pions, while the diagram of fig. 6 is related to an imaginary part of this amplitude, which is close to a maximum allowed by unitarity in the region of M ππ ∼ 500 − 800 MeV . Inclusion of the diagram of fig. 8(b) leads to an extra decrease of the total contribution of this mechanism. A recent calculation for the exclusive DCX reaction [11] , which takes into account, besides the diagram of fig. 1(a) , the meson exchange currents ( fig. 8) shows that the contribution of the last mechamism is too small to account for the experimentally observed cross sections of DCX at energies above 0.5 GeV .
Another possible mechanism for DCX is an interaction of a pion with a correlated pair of nucleons (see e.g. [12] ), which can be represented at the quark level by the diagram of fig. 9 . The characteristic feature of such mechanism (as well as of meson exchange currents), is that only neighboring nucleons of a nucleus can interact in this way. On the contrary, inelastic rescatterings of fig. 1(b) ,(c) can involve nucleons separated by large longitudinal distances (at least at high energies). This leads to a difference in A dependence of the DCX processes for mechanisms mentioned above.
If our assumption that integration over M 2 H converges fast enough is correct then at energies much higher than 1 GeV the cross section of DCX will be governed by the corresponding ρ and π exchanges in t i channels. In this case the cross section should decrease at least as fast as s
(see, e.g. review lectures [13] ) and its rather slow energy dependence at energies below 1.1 GeV should change to a much faster decrease. What can be expected in the region of energies T 0 ∼ 2 − 5 GeV , the closest one to the experiment [1]? The theoretical estimates used above become more reliable at these energies because corrections to theoretical formulae decrease with energy and the one pion exchange model gives an adequate description of the main features of π → 2π process here [14] . The available data on the total cross section of the reaction π
show that the value of inelastic rescatterings at these energies is still rather large (∆ π + π − ≫ 1). Thus we expect large deviations from the standard DCX mechanism also in this energy region. The effect can be estimated using the method proposed in this paper.
It is highly desirable to extend measurements of DCX to these energies taking into account that DCX gives a unique possibility to observe a large contribution of inelastic rescatterings and to understand better a mechanism of this process. (This is in contrast to the case of elastic scattering of hadrons on nuclei where inelastic rescatterings lead to rather small effects.) The value of the inclusive pion DCX cross section integrated over the region ∆T = 0 ÷ 140 MeV is expected to be high enough (∼ 20 µb/sr at 2 GeV ) to be detected in experiment. The experimental study of the A dependence could give additional information in order to distinguish between the sequential mechanism and the pion interaction with correlated pairs of nucleons. 
